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This article is a correction and elaboration of “Matched Filters for Binary Sig-
nals,” appearing in The Deep Space Network, Technical Report 32-1526, Vol. I,
Jet Propulsion Laboratory, Pasadena, Calif., Feb. 15, 1971.

A preceding article (Ref. 1) contains two element value
tables (Tables 2, 3) which were meant to cover network
orders 1 to 7. Due to a regrettable error, the tables actu-
ally incorporated in Ref. 1 are valid only up to order 5
(as evidenced by the negative element values for orders
B, 7). A version of these tables valid up to order 7 is pre-
sented here.

Strictly speaking, the networks described here differ
from those of Ref. 1. With the adopted number of digits,
these differences are too small to be evident in the case
of orders 1 and 2. However, they do increase with the
order. Thus, we find in the networks of order 5 a maximal
discrepancy of 28% (in C.). In spite of that, the difference
in performance as measured by vy/ve, of the actual net-
works (see Table 1 and footnote on p. 58 of Ref. 1) is so
small that Table 1 and Fig. 4 of Ref. 1 are applicable,
without modification, to the networks of Ref. 1 up to
order 5 as well as to all orders of the networks presented
here.
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Another modification relates to the transmission-zero
frequencies FR(I). In the tables presented here, FR(]) is
the zero realized by section I and is thus the parallel
resonance frequency of L(I), CR(I). (In the original tables,
FR(I) of the Nth order network referred to section
N+2-1)

We conclude with a brief discussion of the relationship
of the two sets of networks. It was pointed out on p. 38
of Ref. 1 that, given the set of transmission zeros, the
desired matched filter could be synthesized through a
ladder development of any of the following immittances:
Z11(3), Zaa (s), Y1u(s), Yaa (s). (However, see footnote 2 on
p. 58 of Ref. 1.)

With infinite precision, all four expansions would have
yielded the same network. With finite precision in a real
computer, differences were bound to show up yielding
four different networks (for each order). Which of the
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four should one adopt? In considering this question we
initially reasoned that since the ladder elements are com-
puted in sequence, one would expect the errors in the
element values to increase as the synthesis progressed.
This suggested adopting the elements of the input half
of the filter from Zy, (s) or Yy, (s) and the ouput half from
Yo {s) or Zs, (s).

Actual synthesis of all four families has revealed the
presence of additional error mechanisms, leading to sig-
nificant differences among the four families. The most
striking difference is shown in the breakdown of the
synthesis process. As networks of increasing order are
synthesized, a point is eventually reached where the ac-
cumulated errors finally lead to negative elements and a
breakdown of the process. This aspect of the four expan-
sions is summarized in Table 4 of this article. Note the
marked advantage of the Z,, (s) expansion. Examination
of Eq. (64) of Ref. 1 provides a clue to this behavior.
Z,,(s) is the only immittance whose construction from
the polynomials g (s), h(s) involves no “cancellation” er-

rors, as it calls for the addition of positive numbers only.
(The coefficients of g.(s), g (s), h.(s) are all positive.
Those of h, (s) are all negative.)

Obviously, the Z,, (s) synthesis is the one to be pre-
ferred. Though it is valid up to order 8, we have decided
to aim at higher precision and have restricted it to order 7.
Tables 2 and 3 of this article (and originally meant for
Ref. 1) are based on the Z,, (s) expansion. On the other
hand, the tables mistakenly incorporated in Ref. 1 are
those based on the Y. (s) synthesis.

It should be stressed that the above arguments provide
only a crude estimate of the reliability of the element
values. As indicated in Section V of Ref. 1, a precise relia-
bility indication was obtained through a direct and almost
error-free analysis of the performance of the networks
with the computed elements. In the present case, this
approach turned out to be much simpler than the alter-
native of special synthesis techniques based on frequency
transformations.
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Table 4. Breakdown behavior

it used for ladd Network order in which negative
expansion elements first appear
Zn (s) 9
Zz (s) 5
Y (S) 7
Yz (S) é
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